METHODS AND KITS FOR SYNTHESIS OF siRNA 
EXPRESSION CASSETTES 



[0001] This application claims priority to co-pending U.S. Provisional 
Application Serial Nos. 60/399,718 filed August 1, 2002 and 60/408,298 filed 
September 6, 2002. 

GOVERNMENT RIGHTS STATEMENT 
[0002] This invention was made with federal government support from the 
National Institutes of Health of the U.S. Department of Health and Human Services under 
Grant No. AI29329 to the City of Hope Cancer Center. The United States government may 
have certain rights in this invention. 

FIELD OF THE INVENTION 
[0003] The present invention relates to RNA interference (RNAi), and is useful 
for screening multiple RNAi gene constructs to identify those most effective against a given 
target. 

BACKGROUND OF THE INVENTION 
[0004] RNA interference (RNAi) is a process in which double stranded RNA (ds 
RNA) induces the postranscriptional degradation of homologous transcripts, and has been 
observed in a variety of organisms including plants, fungi, insects, protozans, and mammals. 
(Moss, E.G., et al., 2001; Bernstein, E., et al., 2001; Elbashir, S.M., et al., 2001; Elbashir, 
S.M., et al., 2001). RNAi is initiated by exposing cells to dsRNA either via transfection or 
endogenous expression. Double-stranded RNAs are processed into 21 to 23 nucleotide (nt) 
fragments known as siRNA (small interfering RNAs). (Elbashir, S.M., et al., 2001; Elbashir, 
S.M., et al., 2001). These siRNAs form a complex known as the RNA Induced Silencing 
Complex or RISC (Bernstein, E., et al., Hammond, S.M., et al. 2001), which functions in 
homologous target RNA destruction. In mammalian systems, the sequence specific RNAi 
effect can be observed by introduction of siRNAs either via transfection or endogenous 



expression of 2 1 -23 base transcripts or longer hairpin precursors. Use of siRNAs evades the 
dsRNA induced interferon and PKR pathways that lead to non-specific inhibition of gene 
expression. (Elbashir, S.M., et al., 2001). 

[0005] Recently, several groups have demonstrated that siRNAs can be 
effectively transcribed by Pol III promoters in human cells and elicit target specific mRNA 
degradation. (Lee, N.S., et al., 2002; Miyagishi, M., et al., 2002; Paul, CP., et al., 2002; 
Brummelkamp, T.R., et al., 2002; Ketting, R.F., et al., 2001). These siRNA encoding genes 
have been transiently transfected into human cells using plasmid or episomal viral backbones 
for delivery. Transient siRNA expression can be useful for rapid phenotypic determinations 
preliminary to making constructs designed to obtain long term siRNA expression. Of 
particular interest is the fact that not all sites along a given mRNA are equally sensitive to 
siRNA mediated downregulation. (Elbashir, S.M., et al., 2001; Lee, N.S., et al, 2001; Yu, 
J.Y., et al., 2002; Holen, T, et al., 2002). 

[0006] In contrast to post-transcriptional silencing involving degradation of 
mRNA by short siRNAs, the use of long siRNAs to methylate DNA has been shown to 
provide an alternate means of gene silencing in plants. (Hamilton, et al.). In higher order 
eukaryotes, DNA is methylated at cytosines located 5' to guanosine in the CpG dinucleotide. 
This modification has important regulatory effects on gene expression, especially when 
involving CpG-rich areas known as CpG islands, located in the promoter regions of many 
genes. While almost all gene-associated islands are protected from methylation on autosomal 
chromosomes, extensive methylation of CpG islands has been associated with transcriptional 
inactivation of selected imprinted genes and genes on the inactive X-chromosomes of 
females. Aberrant methylation of normally unmethylated CpG islands has been documented 
as a relatively frequent event in immortalized and transformed cells and has been associated 
with transcriptional inactivation of defined tumor suppressor genes in human cancers. In this 
last situation, promoter region hypermethylation stands as an alternative to coding region 
mutations in eliminating tumor suppression gene function. (Herman, et al.). The use of 
siRNAs for directing methylation of a target gene is described in U.S. Provisional 
Application No. 60/447,013, filed February 13, 2003, which is incorporated herein by 
reference. 
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[0007] There are at this time no rules governing siRNA target site selection for a 
given mRNA target. It is therefore important to be able to rapidly screen potential target 
sequences to identify a sequence or sequences susceptible to siRNA mediated degradation. 
Initial attempts at addressing this problem have taken advantage of an 

oligonucleotide/RNAseH procedure in cell extracts on native mRNA transcripts designed to 
identify sites that are accessible to base-paring, including pairing by nucleic acid products 
such as ribozymes. This approach has also been applied to identifying binding sites for 
siRNA (Lee, N.S. et al. 2001). Having identified an accessible site with the 
oligonucleotide/RNAseH procedure it is still necessary to generate siRNAs against the target 
at the accessible site. This approach has been applied to siRNA site accessibility as well. 
(Lee, N.S., et al., 2001). However, this process can be time consuming, and in the end it is 
still necessary to synthesize the siRNA genes for final testing. 

[0008] Thus, an object of the present invention is to provide an amplification- 
based approach in the form of a method and kit for rapidly synthesizing siRNA genes, so as 
to permit rapid screening of potential target sequences susceptible to siRNA mediated 
degradation. 

[0009] Another object of the invention is to provide a method for controlling or 
inhibiting expression of a target gene by transfecting a cell with an amplified siRNA 
expression cassette. 

SUMMARY OF THE INVENTION 
[00010] The present invention provides an amplification-based approach (e.g., 
Polymerase Chain Reaction (PCR)) for rapid synthesis of promoter-containing siRNA 
expression cassettes, and their subsequent transfection into cells. This approach, which 
includes methods and kits for performing the methods, can be utilized for the facile screening 
of siRNA encoding genes to identify those encoding siRNAs having the best functional 
activity for a given target. The approach can be utilized with siRNAs expressed 
independently from promoters or with siRNAs expressed as hairpin precursors or other 
precursors. The amplification products produced using the approach may be used directly, 
without subsequent cloning, by transfecting them into cells followed by functional assays. 



[00011] The method of the present invention is fast and inexpensive, allowing 
multiple different siRNA gene candidates and/or promoter candidates to be rapidly screened 
for efficacy before cloning into a vector. 

[00012] The method of the present invention is useful for screening siRNA gene 

libraries. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00013] Figure 1 is a schematic representation of a PCR strategy used to yield U6 
transcription cassettes expressing siRNAs. The 5' PCR primer is complementary to the 5' 
end of the U6 promoter and is standard for all PCR reactions. A) The 3' PCR primer is 
complementary to sequences at the 3' end of the U6 promoter and is followed by either the 
sense or antisense sequences, a stretch of four to six deoxyadenosines (Ter) and an additional 
"stuffer-Tag" sequence. The adenosines are the termination signal for the U6 Pol III 
promoter; therefore, any sequence added after this signal will not be transcribed by the Pol III 
polymerase and will not be part of the siRNA. B) The sense and antisense sequences are 
linked by a 9 nt loop and are inserted in the cassette by a two-step PCR reaction. C) The 
sense and antisense sequences linked by a 9-nucleotide loop and followed by the stretch of 
adenosines and by the Tag sequences are included in a single 3' primer. D) Complete PCR 
expression cassette obtained by the PCR reaction. To amplify and identify functional 
siRNAs from the transfected cells, or to increase the yield of the PCR product shown in D, a 
nested PCR can be performed using the universal 5' U6 primer and a 3' primer 
complementary to the Tag sequence (also standard), as indicated in the figure. 

[00014] Figure 2 shows the inhibition of enhanced green fluorescent protein 
(EGFP) expression using siRNA-containing PCR cassettes transfected in 293 cells. The PCR 
cassettes containing either the sense, antisense, or both sense and antisense siRNAs were co- 
transfected with the target construct into 293 cells expressing the Ecdysone trans-activator. 
The human immunodeficiency virus (HIV) rev target is fused to the green fluorescent protein 
mRNA which is expressed from an inducible promoter. After adding Ponasterone A, EGFP 
expression can be detected in the control cells (A), but not in cells transfected with either a 
mixture of sense and antisense siRNA expressing PCR products (D), or with the PCR cassette 
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expressing the hairpin construct (E). Panels B and C depict co-transfection of cells with 
target and PCR cassettes expressing sense alone (B) or antisense alone (C). The Rev-EGFP 
protein is primarily in the cell nucleolus as a consequence of the nucleolar localizing signal in 
the Rev portion. 

[00015] Figure 3 shows the detection of siRNAs and PCR amplification of siRNA 
encoding DNAs in transfected cells. A. Northern gel analyses of siRNAs expressed from 
PCR products transfected in A293 cells. Lane 1 , cells transfected with the EFGP target 
construct alone; Lane 2, cells transfected with antisense encoding construct alone; Lane 3, 
cells co-transfected with antisense and sense encoding constructs; Lane 4, cells transfected 
with hairpin expression construct. The probe is complementary to the antisense. In Lanes 2- 
4, the siRNA encoding DNA constructs were co-transfected with the inducible EGFP 
construct. The hairpin product appears smaller than the individually expressed siRNAs, 
demonstrating processing of the hairpin loop. B and C. PCR amplification of transfected 
PCR constructs. B. PCR amplification of non-specific siRNA encoding DNA from 
fluorescence activated cell sorting (FACS) sorted EFGP positive and negative cells. The non- 
functional construct is detected in all cell fractions. Lanes 1 and 4 show the amplification 
results from the EGFP positive fractions. Lanes 2 and 3 show the amplification results from 
the EGFP negative fractions. C. PCR amplification of functional hairpin expression construct 
from FACS sorted, EGFP expressing and non-expressing cells. The amplification results 
show the presence of the functional siRNA only in the EGFP negative fractions (lanes 2-3). 
In lane 4, there is a small amount of amplified product, perhaps derived from some 
contaminating of EGFP negative cells. NC indicates negative PCR controls. 

[00016] Figure 4 is a graph showing a comparison of HIV inhibition by shRNAs 
expressed from a PCR product and plasmids. 

[00017] Figure 5 is a graph showing the persistence of HIV inhibition by shRNAs 
expressed from PCR products in accordance with the present invention. 

[00018] Figure 6 is a graph showing the results of an HIV inhibition test using 
cloned U6+1 shRNA constructs. 

[00019] Figure 7 is a graph showing the results of HIV inhibition assays using a 
purified U6+1 shRNA PCR product in accordance with the present invention. 



[00020] Figure 8 is a graph showing the results of HIV inhibition assays using a 
purified U6+1 shRNA product in accordance with the present invention. 

[00021] Figure 9 shows schematically an embodiment of the present invention in 
which a PCR-amplified siRNA expression cassette is cloned into a cloning vector. 

DETAILED DESCRIPTION OF THE INVENTION 
[00022] The present invention provides an amplification-based method for 
producing a promoter-containing siRNA expression cassette. 
In one embodiment, the method comprises: 

i) treating one strand of a double-stranded promoter sequence or 
construct, in an amplification reaction mixture, with an oligonucleotide primer which 
is complementary to the 5' end of the promoter sequence; 

ii) treating the other strand of the promoter sequence or construct, in the 
amplification reaction mixture, with a second oligonucleotide primer which is 
complementary to the 3 ' end of the promoter sequence, wherein the second primer 
comprises one or more sequences which are complementary to a sequence encoding a 
sense or (and/or) antisense sequence of a siRNA molecule, optionally along with one 
or both of a loop sequence and a terminator sequence; and 

iii) treating the amplification reaction mixture of steps (i) and (ii) in an 
amplification reaction at a temperature for annealing and extending said primers on 
the promoter sequence or construct and at a temperature for denaturing the extension 
products to provide an amplified product comprising the promoter, one or more 
sequences encoding the sense or (and/or) antisense sequence of the siRNA, and one or 
both of the loop sequence and the terminator sequence. 

[00023] The steps (i)-(iii) can be repeated a sufficient number of times to amplify 
and detect the promoter-containing siRNA expression cassette. It is also recognized that 
alternatives to the loop sequence and/or terminator sequence may be utilized in the invention, 
which are capable of achieving the same function or purpose as the loop and terminator 
sequences. It is also recognized that variations in the above steps are encompassed within the 
invention, in the event these variations also provide an amplification-based method for 



producing a promoter-containing siRNA expression cassette. It is further recognized that the 
term complementary, although in a preferred embodiment refers to a perfect base-paired 
match between two sequences, may not require such, and thus the term complementary also 
encompasses those sequences not having a perfect base-paired match but which are otherwise 
able to achieve the intended result of the invention. 

[00024] The terms "loop sequence" and "terminator sequence" refer to the 
sequences corresponding to the loop and terminator elements, including the final sequences 
and any precursor sequences such as the sequences encoding the final sequences, and any 
complementary sequences. 

[00025] In a preferred embodiment, the method is a PCR-based method. However, 
it is recognized that the invention may be practiced based on other amplification methods 
known currently or in the future. 

[00026] The promoter may be any promoter capable of transcribing an siRNA 
molecule, and is preferably one that can transcribe siRNA in mammalian cells. In a preferred 
embodiment, the promoter is a Pol III promoter, more preferably a mammalian U6 promoter, 
and most preferably a human U6 promoter. Other promoters, such as the HI promoter, Ul or 
tRNA promoters such as tRNA Val , Met or Lys3 may also be useful in the present invention. 
It is also possible to use Pol II promoters such as the Ul snRNA promoter. 

[00027] The terminator sequence may be any sequence encoding a functional 
terminator sequence. In a preferred embodiment, the terminator sequence comprises a 
sequence of deoxyadenosines, preferably about 4-6 deoxyadenosines, and more preferably a 
sequence of 6 deoxyadenosines. 

[00028] In another embodiment, the second primer may further comprise a tag 
sequence to identify functional siRNA encoding sequences. In a more preferred embodiment, 
the tag sequence may further comprise a restriction site useful for cloning. 

[00029] In one embodiment, the second primer comprises a sequence that is 
complementary to a sequence encoding a sense sequence, along with a terminator sequence 
or loop sequence. 

[00030] In another embodiment, the second primer comprises a sequence that is 
complementary to a sequence encoding an antisense sequence, along with a terminator 



-7- 



sequence or loop sequence. 

[00031] In still another embodiment, the second primer comprises a sequence that 
is complementary to a sequence encoding a sense sequence and a sequence that is 
complementary to a sequence encoding an antisense sequence of said siRNA molecule, along 
with a terminator sequence. 

[00032] In a preferred embodiment of the above embodiment, the sense and 
antisense sequences may be attached by a loop sequence. The loop sequence may comprise 
any sequence or length that allows expression of a functional siRNA expression cassette in 
accordance with the invention. In a preferred embodiment, the loop sequence contains higher 
amounts of uridines and guanines than other nucleotide bases. The preferred length of the 
loop sequence is about 4 to about 9 nucleotide bases, and most preferably about 8 or 9 
nucleotide bases. 

[00033] The amplified products of the present method will vary depending on 
which embodiment above is selected. 

[00034] The sequences or constructs encoding the sense and antisense sequences 
preferably contain about 19-29 nucleotides, more preferably about 19-23 nucleotides, and 
most preferably about 21 nucleotides. The siRNA molecules also may contain 3' nucleotide, 
preferably 3' dinucleotide overhangs, including 3'UU. More generally, the RNAi or siRNA 
molecules also include those known in the art. 

[00035] In one embodiment, the amplified product comprises the promoter and a 
sequence or construct encoding either the sense or antisense sequence of the siRNA 
molecule. The amplified product also may contain the loop sequence or the terminator 
sequence. 

[00036] In another embodiment, the amplified product comprises the promoter, a 
sequence or construct encoding either the sense or antisense sequence of the siRNA 
molecule, and the terminator sequence. 

[00037] In another embodiment, the amplified product comprises the promoter, a 
sequence or construct encoding either the sense or antisense sequence of the siRNA 
molecule, and the loop sequence. In this embodiment, the amplified product may be treated 
in another amplification reaction to provide another amplified product. This may be achieved 



using a third oligonucleotide primer. A portion of this third primer is complementary to the 
loop sequence of the first amplified product. The third primer also comprises a sequence 
complementary to a sequence encoding the antisense sequence when the first amplified 
product contains the sense encoding sequence, or a sequence complementary to a sequence 
encoding the sense sequence when the first amplified product contains the antisense encoding 
sequence. The third primer also may include a terminator sequence. 

[00038] In another embodiment, the amplified product comprises the promoter, a 
sequence or construct encoding the sense sequence and a sequence or construct encoding the 
antisense sequence of the siRNA molecule. In this embodiment, the sense and antisense 
encoding sequences or constructs may be attached by a loop sequence. The amplified 
product also may contain a terminator sequence. 

[00039] In still another embodiment, amplified products are produced that 
comprise the promoter, a sequence or construct encoding the sense sequence and a sequence 
or construct encoding the antisense sequence of the siRNA molecule. The sense and 
antisense encoding sequences or constructs may be attached by a loop sequence. The 
amplified products also may contain a terminator sequence. 

[00040] In yet another embodiment, the amplified product, in another amplification 
reaction, can be treated with a fourth oligonucleotide primer, a portion of which is 
complementary with the tag sequence. 

[00041] In a preferred embodiment, the method may further comprise the step of 
purifying the amplified promoter-containing siRNA expression cassette. Various purification 
techniques are known in the art and may be used in the present invention. Examples are 
described below. 

[00042] In another embodiment, the amplified, and preferably purified, promoter- 
containing siRNA expression cassette produced according to the invention is transfected into 
cells for screening. After transfection, the siRNA can be expressed to induce gene silencing. 

[00043] In another embodiment, a selected and preferably purified, promoter- 
containing siRNA expression cassette is cloned into a selected vector. For this embodiment, 
it is recognized that restriction sites can be inserted at the ends of the siRNA expression 
cassette, preferably during production, for example, by including restriction site- encoding 
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sequences within the primers. A schematic of this embodiment is shown in Figure 9, as well 
as in U.S. Provisional Application No. 60/399,397, filed July 31, 2002, which is 
incorporated herein by reference. 

[00044] In a preferred embodiment, the selected cells are mammalian cells. 

[00045] In another preferred embodiment, one or more of the oligonucleotide 
primers are modified, preferably by phosphorylation. 

[00046] In another embodiment, the method also comprises the step of screening 
for a target site on mRNA sensitive to the expressed siRNA molecule. 

[00047] In another embodiment, the method includes a positive and/or negative 
control, such as a control cassette. 

[00048] In another aspect, the invention provides a method for inhibiting 
expression of a target gene. The method comprises transfecting a cell with an amplified, and 
preferably purified, siRNA expression cassette so that a siRNA can be expressed and inhibit 
the target gene. In a preferred embodiment, the cell is transfected with two or more different 
siRNA expression cassettes. In one embodiment, the different siRNA expression cassettes 
contain different siRNA encoding genes, including different loop sequences, and/or different 
promoters. 

[00049] In another aspect, the invention provides a method for modifying gene 
function in mammals, for example by directing methylation of a target gene, including a 
promoter region of the gene, by transfecting a cell with an amplified siRNA expression 
cassette in accordance with the invention. 

[00050] In another aspect, the invention provides a PCR-based approach in the 
form of a kit for producing a promoter-containing siRNA expression cassette. The kit 
comprises a double-stranded, promoter-containing template, an oligonucleotide primer 
complementary to the 5' end of the promoter-containing template, and an oligonucleotide 
primer complementary to the 3' end of the promoter-containing template. The 3' primer also 
comprises one or more sequences complementary to a sequence encoding a sense or (and/or) 
antisense sequence of a siRNA molecule. 

[00051] The 3' primer may further comprise a loop sequence, in which case the kit 
further comprises an oligonucleotide primer complementary to the loop sequence, which 
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primer comprises a sequence complementary to a sequence encoding a sense or antisense 
sequence of the siRNA molecule. 

[00052] In one embodiment, the kit comprises a 3' primer comprising a sequence 
complementary to a sequence encoding a sense sequence and another 3' primer comprising a 
sequence complementary to a sequence encoding an antisense sequence. 

[00053] In another embodiment, the 3' primer comprises a sequence that is 
complementary to a sequence encoding a sense sequence, a sequence that is complementary 
to a sequence encoding an antisense sequence, and a terminator sequence. The sequences 
complementary to the sense and antisense encoding sequences preferably are attached by a 
loop sequence. 

[00054] In a preferred embodiment, the oligonucleotide primers are modified, 
preferably by phosphorylation. 

[00055] The kit also may comprise PCR amplification reagents and reagents for 
purifying the amplified siRNA expression cassette. 

[00056] In another preferred embodiment, the kit also comprises one or both of a 
positive and negative control. 

[00057] Preferred embodiments of the invention are described below; however, the 
invention is understood not to be limited to the following embodiments. 

PCR amplification, transfection, and expression ofsiRNAs in mammalian cells. 

[00058] The procedure for a PCR-based approach is depicted schematically in 
Figure 1 . In a preferred embodiment, universal primer that is complementary to the 5' end of 
the human U6 promoter is used in a PCR reaction along with a primer(s) complementary to 
the 3 ' end of the promoter, which primer harbors appended sequences which are 
complementary to the sense or antisense siRNA genes (Fig. 1 A). The sense or antisense 
sequences are followed by a transcription terminator sequence (Ter), which is preferably a 
stretch of about 4-6 deoxyadenosines, and more preferably a stretch of 6 deoxyadenosines, 
and by a short additional "stuffer-tag" sequence that may include a restriction site for possible 
cloning at a later stage. The resulting PCR products include the U6 promoter sequence, the 
siRNA sense or antisense encoding sequence, a terminator sequence, and a short tag sequence 



at the 3' terminus of the product. 

[00059] In another embodiment, both the sense and antisense sequences can be 
included in the same cassette (Fig IB, ID). In this case a nucleotide loop, preferably 
containing 9 nucleotides, is inserted between the sense and antisense siRNA sequences. The 
resulting single PCR product includes the U6 promoter, the siRNA sense and antisense 
encoding sequences in the form of a stem-loop, the Pol III terminator sequence, and the 
"stuffer" tag sequence (Fig. ID). To construct this cassette two 3' primers are used. The first 
PCR reaction employs the 5' U6 universal primer and a 3' primer complementary to 20 
nucleotides of the U6 promoter, followed by sequences complementary to the siRNA sense 
encoding sequence and the 9 nt. loop (Fig. IB). One microliter of this first reaction is re- 
amplified in a second PCR reaction that employs the same 5' U6 primer and a 3' primer 
harboring sequences complementary to the 9 nt. loop appended to the antisense strand, Ter 
and "stuffer" tag sequence (Fig IB). 

[00060] In another embodiment, a one step PCR reaction is conducted with a single 
3' primer that harbors the sense, loop, antisense, Ter and "stuffer' tag sequences (Fig. 1C). 
Although generally effective, this approach employs a considerably long and structured 3' 
PCR primer that with some sequences may cause difficulties in obtaining the desired full 
length, double stranded PCR products. 

[00061] PCR conditions are relatively standard for all siRNA genes since the 
regions complementary to the U6 promoter do not change. For the construction of several 
cassettes, optimal amplification was achieved in each case using 1 minute for each PCR step 
and 55°C as annealing temperature. For direct transfections and testing of the PCR amplified 
siRNA genes, the 5' termini of the PCR primers may be modified, for example, by 
phosphorylation, preferably using a DNA polynucleotide kinase and non-radioactive ATP. 
This modification of the primers stabilizes the PCR products intracellularly, thereby 
enhancing the efficacy of the PCR products. 

[00062] Once the PCR reaction is completed, the products can be column purified 
from the primers, e.g., via a gel filtration column or by excising them directly from a gel 
following electrophoresis. The purified products can be applied to cells following cationic 
liposome encapsidation and/or standard transfection procedures, such as those described 
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below and in co-pending Application Serial No. 60/356,127, filed on February 14, 2002, 
which is incorporated herein by reference. Intracellular expression of the transfected PCR 
products was detected by Northern blotting analyses (Fig. 3A), thus demonstrating good 
transfection efficiency. 

Rapid screening of functional siRNAs and accessible target sites using 
siRNA-encoding PCR products. 

[00063] An HIV rev sequence fused to the enhanced green fluorescent protein 
(EGFP)-coding sequence (Lee et aL, 2002) was used to test the PCR amplified siRNA 
encoding DNA for efficacy in cells. This construct was inserted in the Ecdysone-inducible 
pIND vector system (Invitrogen). The vector was then transfected into 293 cells, which 
stably express the trans-activator for the inducible promoter. Use of this system results in 
strong EGFP expression following addition of Ponasterone A (Invitrogen) to the culture 
media (Fig. 3A). 

[00064] A stable cell line expressing both the trans-activator and target constructs 
may be preferable when multiple siRNA genes are being tested, but co-transfection with the 
target-EGFP fusion construct provides a rapid and sensitive test for siRNA efficacy. Target 
sequence cDNAs can be readily cloned into this inducible vector system to create the desired 
EGFP fusion. Utilizing this system, an effective siRNA expressed from the PCR product will 
inhibit EGFP expression, allowing either FACS or microscopic based analyses of siRNA 
function. 

[00065] To test the PCR approach, U6 cassettes containing either sense or 
antisense siRNA genes (Fig. 1 A) or a hairpin construct encoding both the sense and antisense 
si-RNAs (Fig. 1C) were amplified. The PCR products were column purified. The purified 
PCR products were then co-transfected with the inducible rev-EGFP fusion construct into the 
Ecdysone transactivator expressing cell line. 48 hours post transfection, Ponasterone A was 
added to the culture to induce target mRNA expression. Using this system a strong and 
specific down regulation of EGFP expression by the siRNAs was detectable 12 hours post 
induction (Fig 2). Transfection of a control cassette, such as a U6 expression cassette 
expressing only the sense (Fig. 2B), the antisense (Fig. 2C) or an irrelevant siRNA (not 
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shown), had no effect on expression of EFGP. However, when cassettes expressing the 
sense and antisense siRNAs were co-transfected with the target, or when a single cassette 
containing the hairpin siRNA gene was used, a specific and effective down regulation of the 
target was detected (Fig. 2D and E). The best and most reproducible inhibition (nearly 90%) 
was obtained with the hairpin siRNA expressing cassette. These results were reproduced 
independently 5 times. The selected length and sequence of the 9 base loop 
(UUUGUGUAG) used for these experiments is based upon phylogenetic comparisons of 
loops found in several micro-RNA precursors. When using the above loop, the sequence of 
the siRNA sense strand preferably should not include a U as the 3' base since this would 
create a stretch of 4 Uridines, which can serve as a Pol III terminator element. 

[00066] The above results indicate that the transfection-PCR methodology of the 
present invention can be easily used to rapidly test siRNA targeting and function in cells. 

[00067] An important element in the design of effective siRNAs is the selection of 
siRNA/target sequence combinations that yield the best inhibitory activity. This can be 
accomplished using siRNAs and transfection procedures, but this can be costly and time 
consuming. By utilizing the PCR strategy, several siRNA genes can be simultaneously tested 
in a single transfection experiment. 

[00068] In order to facilitate the identification of functional siRNA genes, a 
"stuffer" tag sequence was inserted directly after the Pol III transcription terminator (see Fig. 
1). By utilizing this tag, a transfected PCR cassette can be amplified from transfected cells 
and the siRNA sequence subsequently identified (Fig. ID). This can be accomplished by 
utilizing the 5' U6 universal primer and a primer complementary to the tag sequence (Fig 
ID). The tag sequence can start with the 6 Ts of the Ter sequence followed by a restriction 
site that can be used for subsequent cloning, and a "stuffer" of 6 extra nucleotides (for a total 
of 1 8 nt). A mix of several siRNAs can be simultaneously co-transfected with the inducible 
target-EGFP cassette into the cell line containing the trans-activator. Twelve hours after 
adding Ponasterone A, the EGFP negative and EGFP positive cells can be collected by FACS 
sorting, and the DNAs harvested from both fractions. The isolated PCR products can then be 
transfected for a second round of selection and amplification to select those siDNA genes that 
express the most potent siRNAs. The resultant PCR products can then be cloned and 
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sequenced. The functional siRNA can be identified since it would be absent in the cells still 
expressing EGFP but present in the EGFP negative fraction. 

[00069] Using variations of the above approach, several expression cassettes may 
be created and used to simultaneously screen for siRNA sensitive target sites on any given 
mRNA. The target sequence may be fused to EFGP or a similar reporter, and screening can 
be rapidly accomplished via FACS analyses and sorting. This strategy can be utilized for 
endogenous targets when there is a positive selection or a FACS sortable phenotype 
available. An amplification strategy in accordance with the present invention offers a rapid 
and inexpensive approach for intracellular expression of siRNAs and subsequent testing of 
target site sensitivity to down-regulation by siRNAs. 

[00070] The present invention is further detailed in the following Examples, which 
are offered by way of illustration and are not intended to limit the invention in any manner. 

EXAMPLE 1 

Target construction and location of the siRNA target site 

[00071] The HIV-rev sequence followed by the EGFP gene cloned in the pIND- 
inducible vector (Invitrogen) as previously described (Lee et al., 2002) was selected as a 
target site for siRNA. The selection of the accessible target site for the siRNA was based on 
previous work and was shown to be an effective siRNA target using the U6 expression 
system (Lee et al., 2002). The sequence of the target site is: 

5' GCCTGTGCCTCTTCAGCTACC 3' [SEQ ID NO: 1], which is located 213 nucleotides 
downstream of the rev- AUG start codon. 

EXAMPLE 2 

Polymerase Chain Reaction 

[00072] PCR reactions were performed using a plasmid containing the human U6 
promoter as template. The 5 ' oligonucleotide (5 'U6 universal primer) is complementary to 
29 nucleotides at the 5' end of the U6 promoter (bold italics) 

5 % ATCGC AG ATCTGGATCCAAGGTCGGGCAGGAAGAGGGCCT 3' [SEQ ID NO: 2] 
and was used for all PCR steps. The 3' oligonucleotides, which contain either the sense, 
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antisense, or both sense and antisense, are depicted in Fig 1 and described herein. The last 20 
nucleotides at the 3' end of all 3' PCR primers are complementary to the last 20 nucleotides 
of the U6 promoter which is: 5 ' GTGGAAAGG ACGAAACACCG3' [SEQ ID NO: 3]. 
All PCR reactions were carried out as follows: lmin. at 94°C, lmin at 55°C and lmin at 72°C 
for 30 cycles. The PCR primers were kinased with non-radioactive ATP prior to 
amplification and purified on Qiagen columns prior to using them in the PCR reactions. The 
PCR products were also purified on Quiagen columns. 
The sequences of the siDNA encoding oligos are: 

1 . Sense for siRNA rev- 
yCGAAAAGGCCTAAAAAAGGTAGCTGAAGAGGCACAGGCGGTGTTTCGTCCTT 
TCCACAAGATATATAA 3' [SEQ ID NO: 4] 

2. Antisense for siRNA rev- 
s' 

CGAJKAAGGCCTAAAAAAGCCTGTGCCTCTTCAGCTACCGGTGTTTCGTCCTT 
TCCACAAGATATATAA 3' [SEQ ID NO: 5] 

3. Hairpin siRNA oligo 1- sense 
5TACACAAAGGTAGCrGA>AGAGGCACAGGCGGTGTTTCGTCCTTTCCACAA 
GATATATAA 3' [SEQ ID NO: 6] 

4. Hairpin siRNA oligo 2-antisense 
S'CGAAAAGGCCTAAAAAAGCCrGTGCCrCTTCAGCTACCCTACACAAAGG 3' 
[SEQ ID NO: 7] 

[00073] The italicized sequences are the siRNA encoding sequences. 

EXAMPLE 3 

Cell lines and Culture Conditions 

[00074] 293 cells were grown DMEM (Irvine Scientific, Santa Ana, CA) 
supplemented with 10% fetal calf serum (Irvine Scientific), ImM L-glutamine, and 100 
units/ml of penicillin/streptomycin. The Ecdysone-inducible stable A293 clone has been 
previously described (Lee et al., 2002) and it was maintained in DMEM containing lOO^ig/ml 
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of Zeocin (Invitrogen). 

EXAMPLE 4 

Transfection Conditions for siRNA-PCR products 

[00075] 250 ng of the target plasmid were co-transfected with either: 1) 50 ng of 
the PCR cassette expressing the sense, and/or 50 ng of the cassette expressing the antisense 
siRNA; or 2) 100 ng of the single cassette expressing both the sense and antisense linked by a 
9 nt. loop. As few as 25 ng of the stem loop siRNA was effective in blocking target 
expression. An irrelevant stem-loop siRNA was used as an additional control and did not 
result in any effect on target expression (not shown). 

[00076] To facilitate the transfection of the small amounts of PCR amplified DNA, 
400 ng of Bluescript plasmid were added to each reaction to serve as carrier. 5 \xM 
Ponasterone A was added to the culture media 48 hours after transfection, and the cells were 
analyzed for EGFP expression 12 hours following induction. Transfections were performed 
in 6 well plates using Lipofectamine Plus™ reagent (Life Technologies, GibcoBRL) as 
described by the manufacturer. For microscope imaging, cells were grown and transfected on 
glass coverslips treated with 0.5% gelatin (Sigma). 12 hours post-induction the coverslips 
were lifted from the 6 well plate and treated for 10 min. at room temperature with 4% PFA 
for cell fixation. Cell nuclei were visualized adding DAPI to the mounting solution. Down 
regulation of the rev-EGFP mRNA was quantitated by FACS analyses. 

EXAMPLE 5 

Northern analyses 

[00077] Total RNA was isolated using RNA STAT-60 (TEL-TEST B Inc., 
Friendswood, TX) according to the manufacturer's instructions. 5\ig of total RNA was 
fractionated by 8M-6% PAGE, and transferred onto Hybond-N+ membrane (Amersham 
Pharmacia Biotech). A 32 P-radiolabeled 21-mer probe complementary to the si-antisense 
RNA was used for the hybridization reactions, which were performed for 16 hours at 37°C. 
A 21-mer DNA oligonucleotide was electrophoresed alongside the RNA samples and used as 
size and hybridization control (not shown). 
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EXAMPLE 6 
Direct amplification ofsiRNAs from cell lysates 

[00078] EGFP-negative and -positive cell fractions were collected by FACS 
sorting. The cell pellets were recovered immediately by centrifugation of the sorted 
fractions. The pellets were lysed in 50mM KC1, 1 OmMTris-HCl (pH 8.0), 1.25mM MgCl 2 , 
0.45% NP40, 0.45% Tween, and 0.75^Lg/[il Proteinase K at 37°C overnight. After 10 minutes 
heat inactivation at 95°C, 3 \x\ of the cell lysates were used directly in PCR reactions. 

EXAMPLE 7 

[00079] 1 5 ng of the PCR amplified gene encoding the siRNA hairpin targeting the 
HIV-rev site, along with 15 ng of an irrelevant siRNA PCR product were co-transfected with 
the inducible target-EGFP cassette into the 293 cell line expressing the trans-activator. 
Twelve hours post transfection, Ponasterone A was added to induce EGFP expression and the 
EGFP negative and positive cells were FACS sorted. The cell pellets from both the EGFP 
negative and positive cells were collected by centrifugation, lysed overnight in lysis buffer 
and the DNAs amplified directly by PCR utilizing the appropriate primer sets. Two different 
3' primers that discriminate between the two different siRNA encoding DNA cassettes were 
used. It was expected that the non-functional siRNA expression cassette should be detectable 
by PCR amplification in both cell fractions, whereas the functional siRNA expression 
cassette would only be detectable in the EFGP negative fraction since its products would 
have functionally downregulated EGFP expression. The results of two independent 
experiments are shown in Figure 3B and C. In both cases, the non-functional siRNA 
encoding gene was PCR amplified from all fractions (Fig. 3B), whereas the functional siRNA 
encoding expression construct was primarily detected in the EGFP negative cell fractions 
(Fig. 3B). 

Example 8 

[00080] Anti-HIV U6+1 short hairpin siRNA (shRNA) PCR products were 
produced by PCR using a U6+1 promoter construct as template (pTZU6+l), a universal 5' 
primer, and a specific 3' primer. The primers are shown in Table 1 in the standard 5' to 3' 
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orientation. The shRNAs were designed to be transcribed in the sense target sequence-loop- 
antisense target sequence-UUUUU (pol3 terminator) format. The sequence of the universal 
5' primer, which anneals to the 5' end of the U6+1 promoter, also is shown in Table 1. Table 
1 further shows the corresponding sequence of the 3' end of expected PCR product (the 
upper, coding strand is shown in the standard 5' to 3' orientation), beginning with the 3' end 
of the U6+1 promoter, ending with the +1 start site of transcription, followed by the 
sequences coding for the hairpin RNA (sense target/loop/anti-sense), the Pol III terminator, 
Bgl2 site and extra nucleotides. The sequences of the 3' primers also are shown in Table 1 
following the sequence of each PCR product. 

[00081] Table 1 also shows a SELEX 2144 tRNA L y s3 -tat/rev target 21 -stem 
shRNA. 

Example 9 

[00082] PCR-amplified expression cassettes expressing anti-tat siRNA were found 
to potently inhibit HIV infection. PCR amplified short hairpin RNA encoding genes 
U6+lNLSl(to/rev;shRNA, versus the same gene in a plasmid vector (pBS U6+1 
NLS 1 (tat/rev)shKNA), in the amounts indicated in Figure 4, were co-transfected with 0.5 
micrograms of HIV pNL4-3 into 293 cells and the viral encoded p24 antigen output was 
measured over three days. As controls, empty vector backbones (pBS or pTZU6+l) or a 
triple mutation at sites 9, 10 and 1 1 of the anti-tat shRNA (U6+lmNLSlshRNA (PCR 
product) or pBSU6+lmNLSl shRNA (plasmid based system)) were transfected as a PCR 
amplified gene with HIV-1 . The results in Figure 4 show the several logs worth of inhibition 
obtained using cassettes produced according to the present invention as compared to the same 
gene in a plasmid vector. 

[00083] Figure 4 shows that the U6+1 tat/rev shRNA specifically mediates 
comparable HIV inhibition at equivalent molar ratios, regardless of whether the cassette is 
transfected as a PCR product directly or is part of a plasmid backbone. This panel also 
illustrates that small amounts of an shRNA construct can mediate substantial HIV inhibition 
with susceptible target sites. 
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Example 10 

[00084] Figure 5 shows the persistence of HIV inhibition by shRNAs expressed 
from PCR products. HIV co-transfection inhibition assays were performed as described in 
Example 9, using the U6+1 tat/rev shoRNA U6+1 tat/rev mutant shRNA constructs as 
positive and negative controls. After collecting viral supernatant on day 3, the confluent 293 
cells were reseeded in fresh medium at 10% confluency and allowed to expand for another 3 
days before collecting viral supernatants for assay. Figure 5 shows that PCR product- 
mediated HIV inhibition persists for at least six days under these experimental conditions. 

Example 1 1 

[00085] Figure 6 shows the results of an HIV inhibition test using cloned U6+1 env 
shRNA constructs (Table 1). Each well of a 6-cluster plate containing 293 cells at -50% 
confluency was co-transfected with 0.5 ^ig of cloned plasmid shRNA and 0.5 jig pNL4-3 
pro viral DNA per well of a 6-cluster plate using Lipfectamine Plus according to the 
manufacturer's instructions. Aliquots of viral supernatants were taken at the indicated times 
and assayed for p24 antigen. Tat/rev, positive control for inhibition; Mtat/rev, negative 
control for inhibition mismatched with target site at positions 10, 1 1, and 12 relative to 5' end 
of processed antisense strand. 

Example 12 

[00086] Figure 7 shows the results of HIV imbibition assays, using 200 ng of each 
U6+1 env shRNA PCR product purified from a set of PCR reactions. pTZU6+l is a negative 
control plasmid containing the U6+1 promoter. 

Example 13 

[00087] Figure 8 shows HIV inhibition by U6+1 env shRNAs, using 100 ng each 
U6+1 env shRNA PCR product purified from another set of PCR reactions. U6+1 tat/rev 
shRNA and U6+1 tat/rev Mutant shRNA PCR products were included as controls. 

[00088] The publications and other materials used herein to illuminate the 



-20- 



background of the invention, and provide additional details respecting the practice of the 
invention, are incorporated herein by reference as if each was individually incorporated 
herein by reference. 

[00089] While the invention has been disclosed in this patent application by 
reference to the details of preferred embodiments of the invention, it is to be understood that 
the disclosure is intended in an illustrative rather than in a limiting sense, as it is 
contemplated that modifications will readily occur to those skilled in the art, within the spirit 
of the invention and the scope of the appended claims. 
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